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Abstract
In this work the lepton mass eﬀects in semileptonic B(c,s) meson decays using the WSB, ISGW, ISGW2, HEAVY
QUARKS (HQ) and LCSR models were studied. We computed branching ratios for B(s,c) → D(s,c)ν decays and
calculate the fractions R = B(B→Dτντ)B(B→Dν) and R
∗ = B(B→D
∗τντ)
B(B→D∗ν) .
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1. Introduction
Lepton mass eﬀects in semileptonic B meson decays
provide an excellent environment for the study of the
fundamental parameters of the Standard Model (SM).
Taking into account that in coming years the production
of B mesons in the PEP-II, KEK II [1] and LHCb facto-
ries will increase (and respective experiments Belle and
BaBar [2]), it might be expected that some of these pro-
cesses will be available for experiment. Physics BSM is
expected to be discovered at the LHC. Currently in the
literature there are studies of the fractions R = B(B→Dτντ)B(B→Dν)
and R∗ = B(B→D
∗τντ)
B(B→D∗ν) , when  = e, μ. Some [3, 4] authors
make use of the semileptonic decays to give an explana-
tion for the discrepancy between experiment and stan-
dard model predictions, which could be explained by
new physics. In this paper we calculated the fractions
R and R∗ using the WSB [5], ISGW [6], ISGW2 [7],
HEAVY QUARK(HQ) [8] and LCSR [9] models. This
paper is organized as follows. In section 2 we present, in
a general way, the form factors and the parametrization
of the hadronic matrix element 〈D| jμ|B〉 and 〈D ∗ | jμ|B〉
. In section 3 we present an overview of quark models.
In Section 4 we present the calculation of the branch-
ing ratios for B −→ P(V)ν decays using form factors
obtained in the WSB, ISGW, ISGW2, HQ and LCSR
models. Concluding remarks are presented in Section
5.
2. Form Factors
Currently in literature we can ﬁnd two diﬀerent
parameterizations for the hadronic matrix element
〈D| jμ|B〉, given by,
〈D|Ju|B〉1 = (PB + PD −
m2D − m2D
q2
q)μF1(q2)
+
PB + PD
q2
qμF0(q2), (1)
〈D|Jμ|B¯〉2 ≡ f+(pB + pD)μ + f−(pB − pD)μ. (2)
The relations between form factors given by these two
parameterizations are
F0(q2) = f+(q2) + (q2/(m2B − m2D)) × f−(q2), (3)
F1(q2) = f+(q2), (4)
In addition, for the hadronic matrix element 〈D∗| ju|B〉,
given by,
〈D∗|Jμ|B〉1 = 2mB + mD∗ μνρσ
∗νPρBP
σ
D∗V(q
2)
+i[∗μ(mB + mD∗ )A1(q
2) − 
∗q
mB + mD∗
(PB + AD∗ )μ
A2(q2) − 
∗q
q2
2mD∗qμA3(q2) +
∗q
q2
2mD∗qμA0(q2)], (5)
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〈D∗|Jμ|B〉2 = igμνρσ∗ν(PB + PD∗ )ρ(PB − PD∗ )σ
−[ f ∗μ + ∗PB[a+(PB + PD∗ )μ + a−(PB − PD∗ )μ]]. (6)
The relations between form factors given by these two
parameterizations are
A0(q2) =
i
2mD∗
[ f (q2) + a−(q2)+
(m2B − m2D∗)a+(q2)], (7)
A1(q2) =
i f (q2)
(m2B + m
2
D∗)
, (8)
A2(q2) = −i(m2B + m2D∗)a+(q2), (9)
V(q2) = (m2B + m
2
D∗)g(q
2). (10)
To compare the parameterizations given by the WSB,
ISGW2, HQ and LCSR models, we perform a similar
process as above. The diﬀerential decay width of B →
Dν over t can be written as:
d
dt
Γ(B→ Dν) =
G2F |Vbqi |2
192π3m3B
( f 2+ (t)[(
t − m2
t
)2
(
2t + m2
2t
)λ
3
2 +
3
2
m2 (
t − m2
t
)
(
m2B − m2D
t
)λ
1
2 ] + f 2− (t)[
3
2
m2
(t − m)2
t
λ
1
2 ]
+ f+(t) f−(t)[3m2 (
t − m2
t
)2(m2B − m2D)λ
1
2 ]), (11)
where, GF = 1.66 × 10−5GeV−2 is the Fermi constant
and λ(t) = (m2B+m
2
D− t)2−4m2Bm2D is the Kallen fuction.
3. Quark Models
In this section we present a description of the WSB,
ISGW, ISGW2, HQ and LSCR models used to calculate
form factors.
WSB [5]: This model gives the form factors in terms
of relativistic bound state wave functions taking the so-
lutions from a relativistic harmonic oscillator potential.
The form factors are calculated as wave function over-
laps in the inﬁnite momentum frame at q2 = 0.
ISGW [6]: Is a model that combines a non relativistic
quark potential model with a phenomenological ansatz.
It is consistent with heavy quark symmetry at maximum
recoil tm. The form factors are modeled by a gaussian
and normalized at q2max.
ISGW2 [7]: It is an improved version of the ISGW
model. The form factors have a more realistic behavior,
where the gaussian factor is replaced by one polyno-
mial.
HEAVY QUARKS [8]: The heavy quark eﬀective
theory (HQET) is constructed to provide a simpliﬁed
description of processes where a heavy quark interacts
with light degrees of freedom by the exchange of soft
gluons.
LCSR [9]: Technically, the LCSR approach presents
a unbroken union of QCD sum rules with the theory of
hard exclusive processes. Additionally, vacuum con-
densates are substituted by light-cone hadron distribu-
tion functions of increasing twist which have a direct
physical signiﬁcance.
4. Numerical Result
In this section, we present the analysis of the results
obtained for B(s,c) → D(s,c)ν decays and R and R∗ frac-
tions using the WSB, ISGW, ISGW2, HQ and LCSR
models.
Table 1: Branching ratios (in units of 10−2) for B → Dν( = e, μ)
decays in the WSB, ISGW, ISGW2, HQ, LCSR models and experi-
ment data [11].
Process WSB ISGW ISGW2 HQ LCSR Experiment data [11]
B0 → D+ν 2.07 7.20 2.08 2.08 2.00 2.19
B0 → D+τντ 0.63 2.66 0.59 0.57 0.73 1.03
B+ → D0ν 2.25 7.80 2.13 2.26 2.15 2.27
B+ → D0τντ 0.69 2.80 0.64 0.62 0.79 0.70
Bs → Dsν 1.84 1.80 1.90 2.14 2.21 -
Bs → Dsτντ 0.55 0.83 0.58 0.57 0.75 -
As shown in table 1 the results of the branching ratios
for B(c,s) → D(c,s)ν( = e, μ) decays in Ref. [11]
are grater using the WSB model. The results for the
model ISGW are higher than the others, but retain the
same order of magnitude. In general branching ratios
for B(c,s) → D(c,s)ν( = e, μ) using the WSB, ISGW2,
HQ and LCSR models are according to available ex-
perimental data [11]. The branching ratios for decays
B0 → D+τντ diﬀer by one order of magnitude respect
to experimental data [11].
Table 2: Branching ratios (in units of 10−2) for B → D∗ν decays,
in the WSB, ISGW, ISGW2, HQ, LCSR models and experiment data
[11].
Process WSB ISGW ISGW2 HQ LCSR Experiment data [11]
B0 → D∗+ν 4.9 11 19 2.29 2.4 4.93
B0 → D∗+τντ 1.1 1.5 2.3 0.65 0.55 1.84
B+ → D∗0ν 6.07 14 10 2.55 2.6 5.69
B+ → D∗0τντ 1.5 8.1 4.09 0.83 0.607 1.88
Bs → D∗sν 4.5 12 2.56 2.56 2.25 -
Bs → D∗sτντ 1.11 1.35 3.08 0.81 0.58 -
As shown in table 2 the values obtained for all branch-
ing ratios are lower in the HQ, LCSR and WSB models,
than the ISGW and ISGW2 models. We have found that
the branching ratios for B(c,s) → D∗(c,s)ν( = e, μ) de-
cays of the WSB model are equal to Ref. [11].
As shown in table 3 the results of the branching ratios
for Bc → ηcν decays using the ISGW model diﬀer by
one order of magnitude respect to Ref. [14-15]. The
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Table 3: Branching ratios (in units of 10−2) for B → ηc, J/ψν de-
cays, in the WSB, ISGW, ISGW2, HQ, LCSR models and Ref. [13-
15].
Process ISGW ISGW2 HQ LCSR [13] [14] [15]
Bc → ηcν 0.01 0.58 1.28 1.55 1.64 0.75 0.98
Bc → ηcτντ 0.07 0.17 0.56 0.51 0.49 0.23 0.27
Bc → J/ψν 0.32 1.2 4.1 5.4 2.37 1.9 2.30
Bc → J/ψτντ 0.13 0.19 0.8 0.9 0.65 0.48 0.59
branching ratios for Bc → ηc, J/ψν decays using the
HQ and LCSR models have the same order of magni-
tude than Ref. [13].
Table 4: Fractions R using the WSB, ISGW, ISGW2, HQ, LCSR mod-
els and Ref. [12, 16].
Process WSB ISGW ISGW2 HQ LCSR [12] [16]
B0→D+τντ
B0→D+ν
0.30 0.36 0.296 0.28 0.36 0.46 0.30
B+→D0τντ
B+→D0ν
0.30 0.35 0.30 0.28 0.36 0.429 0.30
Bs→Dsτντ
Bs→Dsν 0.30 0.45 0.305 0.27 0.32 - -
Bc→ηcτντ
Bc→ηcν 0.26 0.7 0.29 0.43 0.32 - -
As presented in table 4 the results for B
0,+→D+,0τντ
B0,+→D+,0ν frac-
tions using the WSB model are equal to Ref [16]. Usu-
ally is found that the standard deviation from experi-
mental to theoretical models are 3.2 − 3.5σ [3,4] but in
this study is found that the standard deviation was 3σ,
using the ISGW and LCSR models.
Table 5: Fractions R∗ using the WSB, ISGW, ISGW2, HQ, LCSR
models and Ref. [12-16].
Process WSB ISGW ISGW2 HQ LCSR [12] [16]
B0→D+τντ
B0→D+ν
0.22 0.13 0.12 0.28 0.229 0.32 0.25
B+→D0τντ
B+→D0ν
0.24 0.55 0.37 0.32 0.23 0.35 0.25
Bs→Dsτντ
Bs→Dsν 0.24 0.14 0.10 0.31 0.23 - -
Bc→J/ψτντ
Bc→J/ψν 0.25 0.40 0.15 0.21 0.16 - -
As shown in table 5 the results for B
0,+→D∗,+,0τντ
B0,+→D∗,+,0ν fractions
using the WSB model are grater than Ref [16]. We did
not found data to compare the Bs→DsτντBs→Dsν and
Bc→J/ψτντ
Bc→J/ψν
fractions. Usually is found that the standard deviation
from experimental to theoretical models are 3.2 − 3.5σ
Ref. [3,4] but in this study is found that the standard
deviation was 2.7 − 3.1σ, using the HQ model.
5. Concluding remarks
In this work we found the branching ratios of the
B(s,c) → D(s,c)ν decays and calculate the fractions
R and R∗, using the WSB, ISGW1, ISGW2, HEAVY
QUARKS and LCSR models. Our main conclusions are
as follows:
1. In general branching ratios predictions using the
WSB, ISGW2, HQ and LCSR models, when  =
e, μ, are grater than previous works [10-11].
2. The branching ratios for B+ −→ D∗τν = 1.5×10−2
and B0 −→ D∗τν = 1.1 × 10−2 decays using the
WSB model are equal to Ref [2].
3. The branching ratios that we recommend to be
measured experimentally are Bs −→ Dsν =
1.9 × 10−2, B+ −→ D∗ν = 6.07 × 10−2 and
Bs −→ D∗sν = 2.07 × 10−2.
4. Conducting a comprehensive study of the HQ and
LCSR model, it could be demonstrated the discrep-
ancies between the Standard Model [16] and exper-
imental data [12].
5. The fractions R for B → Dν decays, using the
WSB model is consistent with the corresponding
experimental value from Ref. [12].
6. In general the Branching ratios for B → Dν( =
e, ν) decays, diﬀer by one order of magnitude to
B→ Dτντ.
7. The Branching ratios for B → Dτντ decays, diﬀer
by one order of magnitude to B→ D∗τντ.
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